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tt Pair Production at the Tevatron

e Tevatron (pp collisions, /s =1.96 TeV)

o Pair production through strong interaction.
< Single top production through electro-weak interaction.

o qq annihilation is dominant process.
& Gluon fusion is dominant for LHC.

g {
9
o(gg—tt):0(qq—tt) =15%: 85% (NLO)

q t
qq annihilation( ~ 85%)

X

gluon fusion (~ 15%)
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Theoretical prediction for t¢ production cross-section at NLL
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tt cross-section measurement is

— Important test of perturbative QCD.
— Sensitive to new physics (e.g. resonance production of ¢t).

and
— To identify ¢t signal is a fundamental step to any top property analysis.
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3 Categories of Event Signature in ¢t Production

Top quark decays to W and b at a rate of ~100% Br(t—W™'h) ~1

Decay channels of ¢t
t—WT™ b b b b

— Lty qq’ £Tv qq
t—-=W b b b b b
— L v LU qq qq all hadronic _g

dilepton channel
= 2 leptons, £, 2 b-jets

lepton+jets channel 1%
= 1 lepton, £, 4 jets (including 2 b-jets) K *H 296
i s

all hadronic channel
=6 jets (including 2 b-jets)
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Cross Section Measurements in Dilepton Channels

o tt +WTbW b—{Tvbl~ivb

e Signiture: 2 high Pr leptons, £, 2 b-jets

e Good signal to background ratio without b-tagging.
e Dominant backgrounds

o Drell-Yan: Z/v* —ee, pu, 71
o Diboson: WW.WZ. 77 el candidate event
o Fake: W+QCD jets

e Smallest braching fraction
~ 5%

tt dilepton(ep channel) candidate at D@ =
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Counting Method with Standard(Traditional) Selection

e Cross-section based on counting number of candidates and bkg.
- Nobs — kag N_;.: Number of observed candidates

() = Etot f Ldt ¢,..: Acceptance x efficiency
e Signal selection — —
. 1 —hout 3 [ I
o 2 high Pr lepton (e or u) et WHW-
o Missing transverse energy(£.,) _'-E - -Fakes
o 2 (or more) jets i 1 B v
o Veto Z inclusive events 210:— Dgta
e Resultat D@ z 3
ee: 156pb—1, puu: 139.6pb—1, eu: 142.7pb— 14f
o Observed candidates i 3
Nobs =17 0" 6 2 = tls
o Expected backgrounds Number of Jets
kag:4.76:|:0.65 S/B~3

= o =14.3"71(stat) T¥3(syst) £0.9(lum)pb (D@ ~ 150pb~1)
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Ready for kinematic distributions in the ¢¢ candidates with good S:B ratio
e Result at CDF (197pb~1)

o QObserved candidates

o Expected backgrounds
Npkg=2.7+0.7

Nobs =13

Events / 25 GeV

B VW Wz + 22
= DOralkYan

+ fakas

+tt(c =84 pb)

—e— COF Il Data (197 pb ™)

pp

ey

100

120

Lo .

140 180

¢¢ Migsing Transverse Energy (GeV)

Events per 193 pb~! after all cdfs ¢ ™
Source ee iy el
WW/WZ 0.21 £0.06 | 0.18 £ 0.05 | 0.35 +0.10 | 0.74 £ 0.21
Drell-Yan 0.36 £0.28 | 0.07 £ 0.34 - 0.43 +0.44
Z—TT 0.094+0.03|0.114+0.03|0.224+0.07 || 0.42 £0.13
Fakes 0.26 £0.11 | 0.16 £ 0.07 | 0.69 = 0.28 || 1.1 £0.45
Total Background 0.9+0.3 0.56+04 1.3£0.3 2.7+0.7
tt (o = 6.7 pb) 1.9+0.3 1.84+0.3 4.5+0.6 82+ 1.1
Total SM expectation | 2.8 0.4 2.4+0.5 5.7+ 0.7 109+ 14
Run Il data 1 3 9 13

S/B~4

— 0 =84F32(stat) "] (syst) £ 0.5 (lum) pb (CDF 197pb~1)
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Tighten selection = Trade off signal efficiency for S:B

e Signal selection

o Use only e-u channel candidate — Suppress Z bkg
— Branching fraction ~ 50% eff.

o Atleast 1 b-taggedjet  — Suppress light flavor or gluon QCD jets
— >1 b-tagging ~60% eff. (< mistag rate for W+4jets ~ 2.4%)

o K.
b-tagging (Secondary vertex base) Nobs =5 with expected Npkg = 0.04
n 10p
% gé . Data D@ Run Il Preliminary
> E
Secondaf B g b
veriex y S 7;@ Backgrounds
5. 8 6;
o K - =
Primary ~ .-~ <
vertex -.._Impact parameter 3E
;7’ I 2
beam axis 2;
0 1 2

Jet multiplicity

= o =11.1+3%(stat) + 1.4(syst) + 0.7(lum) pb (D@ 158pb~)
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Loosen selection = Trade off S/B for signal efficiency

e /+isolated track selection

o 1 tight lepton(e,u)+1 isolated track

o ET, 2 or more jets

—  Worse S:B ratio, but better signal efficiency.
— tt Cross-section with less uncertainty.

e CDF result (197pb~1)

Missing Transverse Energy

o Observed candidates E 1: 3 CDF Il - 197 pb ™
Nobs =19 S 8_ = Ww o+ WZ + 27
o _E + Drell-
o Expected backgrounds £ 7f =
kag:6.92|: 1.7 . ZE T + tt (measured o)
S/B~2 ‘E N _ >2
E jet
1E-
0 -u PRI o e - s B 2 lﬁ ] 2 2
0 20 40 60 80 100 120 140 160 180 200
MET (GeV)

= o ="7.0"5%(stat)T13(syst) £ 0.4 (lum) pb (CDF 197pb~1)
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Cross Section Measurements in Z+Jets Channels

o LI —WHbW=b—tubji'borjj'bl— b

e Signiture: 1 high Pr leptons, £, 4 jets (including 2 b-jets)

e Dominant backgrounds: W +jets.

e Good signal to background ratio after b-tagging.

e Large braching fraction ~ 30%

— Large sample suitable for
top mass analysis. (Njet > 4)

e Signal eff. and S/B depend on
b-tagging eff. and mistag ratio.

tt — e+jets channel candidate at CDF =
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Based on Counting Method with Standard Selection

e Event selection
o high Pr lepton (e or ), £, and Nijet > 3
o At least 1 b-tagged jet
e D@ result (e +jets: 169pb~!, p+jets: 158pb~1)
o b-tagging eff.: ~60% (Impact parameter based tag)
o S/B for N, =4 bin: ~2(single tagged), ~5(double tagged)

1 b—tag sample > 2 b—tag sample

mess T E—
Slgna.iz:“ 15L S . Signal
| -'o‘"b - gl L | —
B B
=l ST
BEa— B a—n
!l‘ﬂm .i—!dﬂ.
5-
. L e —
- 2 3 4 e 2 3 a
Njets Njets

= g =7.2775(stat) T 9(syst) £0.5(lum) pb (DO)
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Result on another 6-tagging tool

e Soft muon tag (identify semileptonic decay of B hadrons)
o Tagging eff. : ~15% Mistag rate: ~3.6%
o Independent tagging information of secondary vertex tag

Based on semileptonic decay of Soft muon tag(CDF 193pb~1)
B hadron

CDF 1l Preliminary

@ Wbb,Wcc,Wc,Fake

= non-W

3 Drell-Yan

OWW, Wz, ZZ,Z-11
3 Single top

(] Total Bckgt 10

— Background+tt

[ Background+tt + 10
e Data (194 + 11 pb")

tt scaled to 0;76.7 pb

Require H;>200 GeV for = 3 jets

e or |l in jet 10

"
- L
-
-
S~ %

Br(b— lvc) ~ 20%
Br(b— c¢— lvs) ~20%

10

Number of tagged events

Number of jets in W+jets

= o=>5.2T75(stat) T12(syst)pb (CDF 193pb~1)
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Kinematical Fitting Technique < counting experiment

o Use /+ >3 jets sample with at least one b-tag (CDF 162pb~1)
e Fit to leading jet Er distribution to extract signal fraction.

—~ R=5/(5+B)=0.68"01

12
> F ——— tt+BKG <
L } 2
(D o L -=-=-=- tt (HERWIG) 567
_ R . N o | ==+ BKG (from data) \T:/5’
o(th) = obs = |
Gtotfﬁdt E o |
c 0
G>) signal fraction
e No assumption of absolute value L 6
of kag. i
e Bkg shape extracted from data 41
— Reliable prediction 5
= 0=06.0+1.6(stat) £ 1.2(syst)pb i e T

20 40 60 80 100 120 140 160 180 200
Leading jet E+ (GeV)
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Cross Section Measurements in All-Hadronic Channels

e Final state: 6 jets including 2 b-jets

e Overwhelming QCD multijet background even after b-tagging.

e Data sample:

> 6 jets (1 b-tag) with no lepton

e Neural network technique (use H,, Centrality, Aplanarity, ...)

D@ Run2 preliminary(162pb~1)
e Nobs =220 in signal region
o expected Npkg =186 £5

= o=1. 7+3 3(Stat)
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All Tevatron Run2 Results and Comparison with Prediction

CDF Run 2 Preliminary

T T T T T T T T [ T T T T T T T
[ Cacciz‘;tri et al. JHI‘EP 0404:065‘3 (2004)
m=175 GeVic °
Dilepton: Combined 7.0 51 +3]
(L=200pb Y
_ _ H o A
Dilepton: MET, # jets 8.6+5, £
(L= 193pb )
Lepton+Jets: Kinematic 47+18 +18
(L=193pb )
Lepton+Jets: Kinematic NN 6.7 +11 +12
(L=193pb ) ' '
Lepton+Jets: Vertex Tag+Kinematic 6.0 +18 +1-2
(L=162pb
Lepton+Jets: Vertex Tag 56+12 +02
(L=162pb ~
Lepton+Jets: Double Vertex Tag 50+23 +11
(L=162pb 7
Lepton+Jets: Jet Prob Tag 58+13 +13
(L=162pb
Lepton+Jets: Soft Muon Tag 52+23+13
(L=193pb )
HP. : : : 2.5 4.7=
All Hadronic: Vertex Tag 7.8 £52 £53
(L= 165pb ) ' '
T — ‘ L1 | ‘ T — ‘ I ‘ L1 | ‘ T — ‘ T —
0 2 4 6 8 10 12

o(pp - tt) (pb)

14

D CRuin Il Preliminary

+5.1 +2.6

dilepton 143 1319 pb

Ll [ |
L=146 pb H osiie
[+jets (topolqgical) . 2.4 17

1 [|
L=143pb™ ' o 4120
. 114 7~ "7p
[+jets (soft ptag) -35 -1.8
(] [ |
L=93 pb'l o ® o +5.8+1.4
el (Vertex tag) 111 -43 -1.4
1 H @ H
L=158 pb +1.3+1.9
[+jets (Impact parameter) 1.2 -14 pb
L=164 pb™ +1.3+1.9
[+jets (Vertex tag) 13 -1.6
L=164 pb™ 3447
all hadronic [ 33 -3.8 pb
1 ; @ } I
L=162 pb°
Cacciari et al. JHEP 0404:068(2004)

\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘

0 25 5 75 10 125 15 175 20
o(pp - tt) (pb)

All results are consistent with prediction so far.
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tt Spin Correlations

tt pair production via ¢g annihilation
Unlike spin Like spin

----------- Off Diagonal Basis

e At tree-level ¢q annihilation, only like-spin combinations are allowed, if
take a proper basis so-called “off-diagonal”.

e Correlation parameter » is defined as the correlation coefficient between
top and anti-top spin polarizations.
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Top Quark Decay

e Spin-flip time after hadronization: O(m;/Agcp) ~ (1.3 MeV) ™!

e Top decay width: I'; ~1.42 GeV
O(m¢/Agcp) > 1/Ty

—> Top quark decays before losing the spin information at the production.

e V-A decay

= Flight direction of decay products has spin information of its mother.

| Differential decay rate
************ s 1 dI' 14 «;cosb;

f.dcos&i_ 2

Top Rest Frame

Particle
o+

1%
W+
b

%)

1

-0.32
0.40
-0.40

6..(6_): Angle of ¢*(£~) flight direction w.r.t. quantization basisin ¢(¢) rest frame.

Top is the only quark we can study its spin polarization at the production.
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Correlations in Angular Distributions of Decay Product

tt spin correlation can be seen as angular correlation of decay products

Differential production cross-section

1 d*c 1+ raya_cosbicosb_
o dcosOrdcosf_ 4

x : correlation parameter (~ 0.8 in NLO prediction @ /s =2 TeV)

Look at angular distribution such as (cos 6,4, cos 8,_) and (cos 05, cos ;).
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Physics Topics on tt spin correlation

e If correlation is observed,

— Direct proof of 1/T'; < O(my/ A%QCD)
—  Lower bound on T’

e Asymmetry in angular distribution will provide a probe into P and GP at
tt production process.

f t P-reversal t f
— e <> I
t t P,CP-reversalt 1
D L e e
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Prospects for Spin Correlation at CDF Run2

e Use dilepton channel candidates in ¢t MC sample + backgrounds MC
with CDF Run2 detector.

o Lepton has maximum analyzing power to top spin polarization.

e Fortt MC sample, prepair the sample with k=1 and xk = —1.

e Assume the expected numbers of signal and backgrounds from dilepton
cross-section analysis at CDF Run2.

Expected distribution of (cos 8.+, cos 6,-) reconstructed with CDF detector
tt (rk=-—1) + bkg tt (rk=1) + bkg bkQ(Z/~v* — 6, WW, WZ, W +jets)

|tt signal(k = —1.0) + bkg| Entries 10.9] It T signal(x = 1.0) + bkg | Entries 10.9] | Background | Entries 2.7 |

Events
Events
Events

Nt == tt+Bkg. errors W] Bkg. &= Bkg. errors

Top Quark Symposium, Apr 7, 2005 Page-20



Expected (cos 0y, cos ;) distributions

tt (k=—1) + bkg tt (k=1) + bkg

|tt signal(k = -1.0) + bkg| Entries 10.9] [t t signal(x = 1.0) + bkg | Entries 10.9] |
9 . 9 9
C = c
()] (O] ()
> > >
LLJ LLJ L

— (cos 8,, cos 0;) distribution also have sensitivity to correlation parameter k.

e To0 extract correlation paramter «, adopt binned 2D likelihood fit.

e Use (cosf,+,cosb,-) and (cos 8y, cos 0) distributions as templates.
e Perform pseudo-experiments

— Obtain expected distribution of x from each pseudo-experiments.
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Pseudo Experiment Results

e Assume [ Ldt=340pb~! = corresponding to (Nops) =19.2
e input x=0.88

| Mean | Entries 1000 | Sigma | Entries 1000 | Pull | Entries 1000
40| : Mean 0.9314 I I Mean 1.6 40F ' f\:AonStam 0 034330'30i olejg
o A o : o [—--—--—-i—--—| Mean . +0.
3 Fo | IHRMS 1.698 ) I ! RMS 03122 3 3 ! Sigma 0.993 + 0.0284
Z | Z 40 R e Z [ | T
L : : 30—t N -
20l i b i 20—l T ]
I 10F——=f M- -
oL . . . . ... o 0: ...........
0 1 2 3 -4 -2 0 2 4
K o Pull

= Expected uncertainty for x measurement is 1.6.
e Assume [Ldt=2fb~! = corresponding to (Nops) =113.0

| Mean Entries 1000 | Sigma | Entries 1000 | Pull | | Entries 1000
— 00— - ====F- Mean 0.8621 ] ! Mean  0.6228 N T | Constant 297+ 1.33
% o I [IRMS  0.6395 X i S ()| SRS i~ Mean 00442 £ 00328

= : : T =" 200 ____i__________F?_'\fﬁ____?'_()_‘f'?c’? = i || sigma 0.955 + 0.0293

i i i i i i ' 7
50| A T [ | | |
a ' ' 100 | —- S i
a | - i i
B i : i i
oLl P A oLt L I B
- 5 0 1 2 3
K 0]

= Expected uncertainty for x measurement is 0.62.
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Comparing with Run1 D@ Results

L. k=40 . k=10
13 13 +
413 413
Run1 D@ Results
e [Ldt=125pb~! R T R R
Cos 6,
e Based on (cosf,,,cos8,_) distribution o1 Data 5
from 6 candiates in dilepton channel. 8 ] %
U3 =
413
[]
R R T B

Cos 6,

e Runi D@ obtained x > —0.25 (68%CL) corresponding to kK =2.3+2.5

e CDF Run2 prospection for x uncertainty (1.6 @ 340pb~1) is improved
comparing with 2.5.
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Summary

e Top pair production cross-section measurements have been performed
In many experimental signatures using various techniques.

e All cross-section measurements are consistent with perturbative QCD
predictions so far.

— Results based on [ £dt =300~ 350pb~" will coming soon.

e Inthe ¢t production at Tevatron, spin correlations can be observed.

— Approach to I';.
— Sensitive to a new physics at ¢t production.

e EXxpected sensitivities (statistical only) to correlation parameter « with
CDF Run Il detector by Monte Carlo simulations are:

— Expected uncertainty for k is 1.6 @ [ £dt =340pb~!
- 0.62@ [Ldt=2fb~!
e This will improve Run1 results for spin correlation.
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Backups
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Run 2 Detectors

{m) o —[IF———J—H

I I (I N LA [N LA, SN IM. [ O A LN SN LN AN ACL AU L N [ (S
= L]

{m)
Y

CDF upgrades D@ upgrades
New silicon vertex detector(SVX) New silicon (SMT)
Faster tracking drift chamber(COT) Fiber tracker (CFT)
2T magnetic field
Scintillating tile end-pulg calorimeters Calorimeter supplemented with

the preshower detectors
Improved muon system
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